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(54) ADAPTIVE MODULATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To apply to a mobile 
communication system or the like and to prevent the 
decline of the transmission efficiency of signals by 
maximum likelihood estimation of a modulation index at a 
reception side without transmitting control signals at a 
transmission side especially in the case of changing the 
modulation index based on channel power gain. 
SOLUTION: For received signals 101 to which the 
information of the modulation index at the time of 
transmission is not added, respective modulation index 
estimation parts 102 calculate the average values or 
dispersion values of carrier power for the respective 
modulation indexes and calculate the difference of them 
and the reference average value or reference dispersion 
value of the carrier power stipulated beforehand for the 
respective modulation indexes as likelihood function 
values AML#1-AML#X for the respective modulation 
indexes. A minimum likelihood function value selector 
104 selects the modulation index corresponding to the 

likelihood function value provided with a maximum likelihood value among the likelihood function 
values and makes a data selector 105 select the output of a modulation index demodulation part 
103 corresponding to it as demodulation signals 106. 
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[0007] 

Incidentally, in addition to the above functions, 
a system for optimizing an instantaneous transmission 
power has been proposed. It is known that an optimal 
characteristic is developed in a single cell. A 
principle diagram of an adaptive modulation system is 
shown in Fig. 15(a). In Fig. 15(a), x(i) denotes a 
transmission signal outputted from a transmitter 1501 
in an A station which is a first station, y(i) denotes 
a reception signal received by a receiver 1501 in a B 
station which is a second station opposed to the A 
station, g(i) denotes fading fluctuation to. which the 
transmission signal x(i) received from the A station in 
a channel 1502 connecting the A station and the B 
station is subjected, n(i) denotes a noise signal 
superimposed on the transmission signal x(i) 
transmitted from the A station in the channel 1502. 
[0008] 

As a bidirectional communication system, a system 
where two sets of transmission directions opposed to 
each other are provided is present as shown in Fig. 
15(a). When the channel 1502 is a channel where fading 
in a first direction (A station — > B station) link and 
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fading in a second direction (B station — > A station) 
link are correlated with each other, for example, a TDD 
channel (time division duplex) system, the following 
control is performed. 
[0009] 

First, a channel estimator 1506 on the first 
direction link in the receiver 1501 in the B station 
estimates a power gain of the channel 1502 on the basis 
of information on modulation level (modulation index) 
contained in the reception signal y(i) and notifies the 
calculated estimation information to a 

demodulator/modulator 1507 in the receiver 1501 in the 
B station. The demodulator /decoder 1507 performs 
demodulating/modulating processing corresponding to the 
estimation information on the reception signal y(i) 
received from the first direction. The channel 
estimator 1506 in the receiver 1501 in the B station 
notifies the estimation information calculated thereby 
(or estimation information obtained by extrapolation 
performed thereto) to an adaptive modulation/encoder 
1504 on the second direction link in the transmitter 
1501 in the B station. The adaptive modulation/encoder 
1504 sets modulation level information according to the 
notified estimation information and transmits the same 
together with the modulation level information to the 
second direction link in the channel 1502. 
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[0010] 

The channel estimator 1506 on the second direction 
link in the receiver 1501 in the A station estimates a 
power gain in the channel 1502 on the basis of the 
modulation level information included in the reception 
signal y(i) to notify the calculated estimation 
information to the demodulator /decoder 1507 in the 
receiver 1501 in the A station. The 

demodulator /decoder 15 0 7 performs demodulating/decoding 
processing corresponding to the estimation information 
on the reception signal y(i) received from the second 
direction link. The channel estimator 1506 in the 
receiver 1501 in the A station notifies the estimation 
information calculated thereby (or estimation 
information obtained by extrapolation performed 
thereto) to the adaptive modulator/encoder 1504 on the 
first direction link in the transmitter 1501 in the A 
station. The adaptive modulator/encoder 1504 sets 
modulation level information according to the notified 
estimation information to transmit the transmission 
signal x(i) together with modulation level information 
to the first direction link in the channel 1502. 
[0011] 

A ping-pong transmission of the modulation level 
information is realized in this manner. On the other 
hand, when the channel 1502 is a channel where fading 
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in the first direction link and fading in the second 
direction link are not correlated with each other, for 
example, an FDD (frequency division duplex) channel, 
the following control is performed. 
[0012] 

First, the channel estimator 1506 on the first 
direction link in the receiver 1501 in the B station 
estimates a power gain in the channel 1502 on the basis 
of modulation level information included in a reception 
signal y(i) to notify the calculated estimation 
information to the demodulator /decoder 1507 in the 
receiver 1501 in the B station. The 
demodulator/decoder 1507 performs 

demodulating/modulating processing corresponding to the 
estimation information on the reception signal y(i). 
The channel estimator 1506 in the receiver 1501 in the 
B station feeds back the estimation information 
calculated thereby (or estimation information obtained 
by extrapolation performed thereto) to the adaptive 
modulation/encoder 1504 on the first direction link in 
the transmitter 1501 (Fig. 15(a)) in the A station 
using a feedback channel 1508. The adaptive 
modulation/encoder 1504 sets the modulation level 
information fed back and sends the transmission signal 
x(i) as well as the modulation level information to the 
first direction link in the channel 1502. 
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[0013] 

Regarding the second direction link, just the same 
feedback mechanism as the above is required. In Fig. 
15(a), a power control unit 1505 in the transmitter 
1501 realizes the above-described power adaptive 
processing . 
[0014] 

Fig. 15(b) is a diagram of signal point 
arrangements of respective modulation systems which can 
be selected in the adaptive modulator/encoder 1504 in 
the transmitter 1501 and the demodulator /decoder 1507 
in the receiver 1501, where such a modulation system as 
QPSK (Quadri-Phase Shift Keying) , 16QAM (16 Qardrature 
Amplitude Modulation) , 640AM or the like can be 
selected . 
[0015] 

As described above, since the adaptive modulation 
system has a processing unit concerning an adaptive 
control of a modulation system, it has a tradeoff 
regarding communication characteristics and an 
computation amount (complexity) , as compared with a 
non-adaptive modulation system. 
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Fig. 15 

Diagram for explaining principle of adaptive modulation 
system 

1501: transmitter 
1502 : channel 
1503 : receiver 

1404: adaptive modulator/encoder 
1505: power controller 
1507 : demodulator/decoder 
1506: channel estimator 
1508: feedback channel 
transmitter for another link 

(a) system model 

(b) signal point arrangement examples of respective 
modulation systems 
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ML) * P QPSK = 2.0 . Pi 60AM =10.0. P 64QAM =42.0 

? a HMO SLtU 

A i l:J3(tSMUMSr (i) < S-XBSflt 

(Modulation Level : ML) <DXSSI& A mi_I4. 



[0 0 4 2] 
[Rl ] 

i 

[0 0 4 3] -cfc*. c*tj:y. ««Hftfti=tt£-*'« 

^SHISAqpsK- A 1 60AM » A64QAMl*> ^rtl^tl* 
[O O 4 4] 
[*2l 

iV 

\qPSK - \tt • PQPSK ~ ]£ ''(Oli 

i 

[O O 4 5] 
[»3] 

i 

[O O 4 6] 
[84] 

N 
i 

[0 0 4 7] ttZho **81<DSl £>H31T*I4. ftCfl 

»Rf=»*Sr**:fltBBAHLfl5 3%*/Jx«[ UbtflO * 

*-rs*0>*^ *B»*a*ftis»fcLTflii*&*t*. 

[0 0 4 8] V«B1 ICsf**!**?!^ ft^Pfl&M 
L#1. ML#2. ■ ML#XSIZ % #1~#X(D 

XB»BJf£3M 0 2A<. ttitt («*.!** 2 H» 4 
*) l=*-3i*x* o i^6*KBBAml#u 

Aml#2* " ■ - A HL#X 

[0 0 4 9] *fc. ftSSB*B»ML#1 , ML#2. - 

ml#x«i:, #1 ~#x<»SEBJi*«B«i o 3 

**i^*La>KBafti=»*-r*«B«a**ffr 

fir, 104^ #1 ~ 

#x<B£Kifi&ii£#i 0 23^6tB***t*#**B* 
Aml#u Aml#2> ■ Aml#x<*>?%* */H***f* 

/h«i=»B-r**B»»*B»i O30)ai^smp<i# 

1 O 6 t Lttll^^. 

[0 0 5 0] fcf£U »«*<D»«A<H--efcoTti. 
B-BS5/V*iK=felt4*KBftBa>«#jaL»«tt* 

B»Bti=fiit*±«»jaoasBBaE*-3ei:-r*fc«>i= 

14. SEB»a*<*#tMS4f*>>*^aS**< 

1t>^;UftA<N^a6*«lCj3It4#«Bffl»<Z)¥JS»a 
a«*0»Blc(4. 

[00 5 1 ] 
[85] 



(7> 



$#§§¥1 1 -275 1 64 



&QPSK < °KsgAArf < tfatiQAM 

[0052] 0H«*<&«. *$H<Dt£ 

[0 0 5 3] 

[H1 ] 

~r 2 

[0054] fimftmizfiL-K ^k&mft-t&o ±ea> 
%o>ftWL<j2 (c*ti*#*i>»Bii=HLrBi:-e**) 

[0 0 5 5] TO#l4Es/Nol=tt»LTj3y. ^#1* 

frKBKttt («i=t*©eaa»s*t4M»») i= 
^fcott, eauay usMTttHy) 

[0 0 5 6] cfc^T, ^>^;uaN£fc&gJg:*;#< £ 

*»y* («L<i*«n»«*s»y») <D«a^6. 
**t & (Djts^ y *a>K «tt« -9- > ^;ua n 

[0057] «iLl«B«»<DJtlB«a^ii-ei*. «k*a> 

eaja*s#-T56 4QAMftH*ai=feL^T. n = 3 

[0 0 5 8] li0v>tMN = 3 Ol£. fffl*.(£:7x 

[o o 5 9] o*y. /Wp v h«*a>JBJH-cfeB»a 
yxait (X7-L/X) <p*tfi«**»a-rsci:3&«Rr 
[0060] jsiJtA«**w<o*i<Dliiaa)**"ca5*o 



tf«ft*B»*<D¥«lliaiSl«*fl!>a-7-t2^ HP» (JE 

o>i»j**«. «3e**t**B»ftoft(z*t*6-r4iBft«M- 
[0061] c*t*«*»BBa)»i ommtoMtttnixmtiL 

MT*&&o Rial** **»*;u»<D«-*SCfl!) 

[0 0 6 2] 
[R6] 

A WL =|X:(PArL-r 2 (0)l = lf:Ail 
» * 

[oo6 3] Aj [tumfimm^m<D^=7>^^ m v 
tmttsi&o :o^7>f> h'J *$RH\ 
i^iSfifi^oi -ca&*fcj&* Rise 

lc«Ul * *iT & «« [= * *t & O »3b^JtU * *v 
[oo6 4] ztit^ *«qa<D»i o«^«-efc*o * 

fc* a«<Z>i/^-rA|zJsi\-CI*. AGC^RSS Hl^- 

. * if \z <fc y u*;u*«b s $ *lt * 0 nsga>® 
ai^asurtt. mxafiftnx«#aLfciBiaittt ess 

yu^jSttS^'ajEBJSftJSfctf-ttDltrttroawWfl-u^yu 
■ea«4tt*^#KB»«kO)*^»K-r***Bft«*« 

BJtR*fli£r*!fc»*tt<«f:*« c#tic*y. ±&<d 

[0 0 6 5] CUfcA^SeSJ^Sl ©JHSlC fclf &n20> 
vX^r-MCfc^TI*. ftABMaS^Up/Down 

<fStz. ±1 SL<!4ocD3tt^a)^cD^iSSI&co^<b 

. *<7)Ett**iTL^*ltSfilf=»Lr±1 SL< 
I40O3 ttffl<D^)5<^lsl(Dfllgffl: k C^IZcto 

[0 0 6 6] <DH3Kc*5lt5*3 0 



(8) 



WIWM 1 -2 7 5 1 6 4 



er;u=r u XAt o>gt-& *(Dgtfatei4iS 

(=*oT±tt©B***lMrCS*. 0(1*146 4QAM 
S*tTt^*ji*lZj3^T, QPSKfiW* 

fli*jainiiEiBi*«L'<*#<a*wti*aw-c** 0 c 

[0 0 6 7] C*tJb<*«MG)Wl a>Ka(3fel+*«4fl) 
[0 0 6 8] C*l3b«*«M(0«1 (DKaiCfeltSWSO) 

[0 0 6 9] isiTa>«MM8"ei±. £B*t&2 (QPS 

K«BSa) . ^B*l!&4 (1 BQAMStB**) . St 

mmsie (6 4qammm) . ^t;^iissc8 (2 
[0070] ^214. bi izTjkzti&xmBnommmtfi 

*«HSft2. 4. 6. 8 SIC. QPSKiS92 0 
2. 1 6 QAMjfSSB2 0 3. 6 4 Q A MjfSSS 2 O 
4. 2 5 6QAM)t£32 O IfifSlS 2 4 ^ 

« (2 5 6QAM(Z>«^tB») |n£O^T. g{f{I-5§- 

A2 O 1 A^&*ffiH»AQPSK. Ai60AM * A 
64QAM s A 256QAM 
[0O7 1] £*:&£IS»&2. 4. 6. 8*1=. QP 
SK-7 £ 7^/<(demapper) 2 0 6. 1 6QAMf7*;/< 
20 7. 64QAMf77/<208, 2 5 6QAMf7 

•>/^2 0 9^ -tti-fttOKBJBftlcWJCf *«B«ka 



^ftU MMSaSN-x* L/*fEltt2 11. 2 12. 
2 13. 2 1 4l = *tL*4l— ftfiM»-T4. 
[0 0 7 2] fLt***SIIWItU»*2 1 0*<. 
±tHS-^LSIIScAopsK* A16QAM * A 64QAM * A 256QAM 
0>5*>. *0>*B*L. f-^L/^$ 

2 i sizslt. *o>fk/hfli(=»ic-r*N-T-f u-riass 

(2 1 1-2 1 4<7)5*)CDHtl^) CDffi^I^SBfi-^2 

1 6<tLtai**« 0 

[0 0 7 3] B 3(4. &ffflfit&Stt£ft«£ttff#0> 

[OO 7 4] B3(a) l=^S#t4«*a«-ei*. 

it-iv 1**1=1*. 1 «>tti=. &mm$n&$zit 

it4fla («5ttfiE»ft:7x— s;>^n»!) si=. x 

[OO 7 5] H3(b) lC3S*3KS*l£»<BJBBi-e 

14. CaK^sf-v-y h + ^BJt»iI^f4^*tt 
■f. *>X^AT'aS*^fc-tlH^^Sf=. ***;u«» 
l=eCfcfcB»R*ttoT. «B«»jMMAS*lTI* 

JblBBM (1 ?P^* = NS/>*W Sf=XB»flt 
#*S*-*i*Cfcl::J;oT. #El{I^f* L 1=^13 (Jfctf 

[0 0 7 6] B4I4. ^A^rA-eWSStlfcttSeKy* 

4. B2iz^**i*5llfi<Z)»!Ba)»ffS^uri^*. - 
JtflEB*«*fflt^-C**a&«ff3b*L*fci6. l?n*** 
fc. L«a>*i/r/*;nz-oi^T«-KA«<Tfc*L* (n = l 

[0 0 7 7] 0 514. Bl 0>#JII£»2O 2. 2 0 3. 

204. xi42 o 5<D*ttw*a»m«*3F-rB"T?a& 
B5<d«*-ci*. 1 acute*. *r-*ia 

B6 0 13&*. Stifl-B-T-f -r-fr* 5 o 8A^&ffl*S*i* 
a«OTr(i) (i=1. 2. • - . N) iz^Lx-m 
3l«**fT-r*CfclCj:y. SB«««Attr2 (i) ft 

[0 0 7 8] *0glS§5 0 2 £^r-< U-f O 3 

-«IB5 0 1 **€>tij*S*L«3fc« 

m^m^fiir2 (d *b*jmw*. c*u4. ti££ 

[0 0 7 9] &l=. N v/VTf-^U^^^^ 504^1 

^^;f5 0 5^ba^$ti§o fitter, s^isbo 

6^. »mrafta>Vtt&atXtt*<KPiiL (ml = qp 

SK. 1 6 Q AM. 6 4 Q AM. XI42 56QAM) A* 
&±K*JMI£3**L. MI=*»fiiatJHHlK6 O 7A<, 



(9> 1 1 -2 7 5 1 64 



SSA ML (ML=QPSK % 16QAM. 6 4 Q AM, 
Xli2 5 6QAM) t LX&Jlir& 0 

[0080] meit. H2iz3?aF*i4*j6wojn on 

tt<DJBBI=fcl+*QPSKttStt2 0 2. 1 6QAMI 
6 4 Q AM$t^Sfl2 0 4, Xli2 56QA 
M*6^gP2 0 5 SiSt-5*^0^O$ 2 <7>HlfecDJ&8§a> 

[0081] B6<0<f j&cifci^Tii. Vs&otkeAizst 

IK *f«»6 0 2ft -KSB6 o 1 Ax&a3*4*u 
*S««»«*iB[r2 .(1) (|=1 % 2. -.N)* 

«-KnAato)7«waia«AfliPHL (ml=qps 

K. 1 6 Q AM, 6 4 QAM, X!i2 56QAM) £3£ 
[O O 8 2] Jta^CH6 O 3 if 1 * Lx>T[HlS6 O 4 

[oo8 3] *lt, mtttmn®t&GQ7&* ±um 
*tt<Dtt#tt»at*u *<»$iW-m%:ZX£m&A 

ML (ML=QPSK, 1 6QAM, 64QAM, Xl£2 
5 6QAM) «hLTti3^-r^» 

[0O8 4] COJ:5<i:lslJ»«dt(=J:y. «T2Lfc<fc3 

•Cr^-^o H7I*. RSS Hi^Sffll^*^(^f 3(7) 
*K<D»ffl(D«J*B**LTfcy. <**«(D*1(DI 

a>-ew»Lfc**wa>*i o>ii[3ii=fci+*W2fl!)K» 

»Bfc**B2 0)il*fcHi:»*XH:EW»**Lfc» 

H2o>ii^i:Hi:affis*-r* 0 
[oo8 5] rss i w-s-isaafl-s-uKyusa-i-A^ 

[O O 8 6] RSS I Slffi»7 0 2li. XU^*>37UK 

ccom^trli. RS s i «*i::*^T»&;hfcKH» 
2«a>*t36^ff*3*L*cfcf=j:y. 9lftft4<*i*ttfKr:: 

[O O 8 7] B7Cl3*S;h*<fc5l::* RSS I ag»7 

0 2 1*. Willi 1 6 Q AMS6B*aic»l6-f4a««* 



0)5^, 16QAMSSS203, QPSKiSS20 
2, &tf6 4QAMitSai2 O 4 O 3 0(7>^^ififlF$ 1± 

z>z.t ctt^-r «a«flt#M l_s e l jga-tr u 

*4r-7 O 1 KiMM"*. 
[0 0 8 8] COSS. *B»«-feU**7 0 1l** ± 

«s«Hi«ttya**ttti^»ft(=ttKLr. ±{*<z>;it3i: 

[0 O 8 9] B8li. mifI§aa>U p/DownSfflf 

fc**i» <o x 1 ousc: as it « m 3 <d xsey (z 

■ 2 0>Jl*i:Bi:»*XI*E*tfft3*Lfc»»l4. ^2 

[0 0 9 0] B8 0>*/S-C(±* «'MtSEB»tt-feU£* 

2 1 O!=j3lt*m0a>JtSttA«. WitSfiMMM^E'J 8 
0 3l=B«S*i.S. f Lt, tt£KBXK«8 0 2 3b<. 
IMfSfiMMM^'J 8 o 3l=E«**tTL^«WKHl(Z>«IS 
fit(3*frLT± 1gL< li0(D3ttSCD^^^[Hl(7)lt^flI 

[00 9 1] BSIZ^^tt^cfc^l". Krtf^iMMM^E 
y 8 o 3izEtt**i-co-B«rBa)«i5efii3&<«5iiii so 

AMffl*4tfc4«^ tt^®S^«S8 0 21*. 4 
Ofc41tg202-2050)5t > , 1 6QAMi^S 
203. QPSK*££S52 0 2. &tf64QAM*t^SJ 
2 0 4CD3oro^Sllf^$1±^Ci:$fi^:-ri>a««^ 

m l_s e l zummmiz u^soi ictt^-r^ 0 
[0092] coss. xB»»-fei^$ 8 0 1 1*; ± 

E3-3<Z>«g8|W::*f LT<D*K Sfif^l/-A2 0 1 
*£3/4|::fiiJ«-e#4. 

[0093] B9it % fa*a$ffl^fcw»i:(D 

tt^*a-ea&***WO*5(Djll6(D^fi(Z)«fiEB*^ 

* i (D«aiz33i+s*4(D«^«iz»j6-r*o comiz 
fcur. **BBa>«i <D*ifico©ja(z«4B2atfB5 

Bafc&tHisatgs^-rSo B9-ei*. qps 

ftfeCD 1 6 Q A M. 64QAM, 2 5 6 Q A MCD&^Blfr 

[0094] tf£ tfrn^ >jxai*. *<&s/:/#;uzj3 
it£#£*a c^>t> ^(i) 

f -f f * * s o 8 tfttaiShfcM^* hJI/ r (i) 

fit. SP*». TIS^7^<h Lt^l^So 
[0 O 9 5] 



(10> IWMM 1 -2 7 5 164 



M (i)-(r(0-w(i)) 2 

[oo9 6] m^iiopsK^myjAom^. -Mg 

fit/i 0) I4@ 9 1^ 51^ SBtg:iiJ2i9 0 1 

JUr (i)(tQPSKf77/^2 O 6 A* t> ttS ^3 

[0097] *sat<D»ffl-ei** z&jtmmutt) &u 

[O O 9 8] 

men 

[0 0 9 9] *fttta>Kfll?fi. *gfit//ML(i) 

[o i o o] 

[ft 9] 

[o 1 o 1 ] ^L<l4-tfS;£gfiE//ML 
(i) T-&>z>y?>T* h'J ^ffiomilfitrfc£/<7* 

icfcrtr. 

[O 1 O 2] 
[»1 o] 

?ML >£ 

[oi 03] awgurr**:*!:^ *<nmmmm~&i+z> 

vX-rAlz&UTgl^tl* E b/N o 0>*JBttl3»-3 

[O 1 O 4] 09x146 4QAMm^A ? 2l{l£*tri^i§ 
^fZ^LNTQ P S K«-S*3b«ltS*4t4*B £#X.r<^ 

ic«t^«a)«#jS r (i) A«eas*Lfca#. *a>K«i* 

«X.tf (+7, +7) fcftS. QPSKjfSS2 
0 2Cfcl^ ±E«*AI=**Sfi^«*jft rmin (i) 
14 (+1, +1) T*fc*. S£oT\ QPSKSI^IC 

^rsa$;ft£#£fii^GPSKO> i** *5ti=:*3ft* 

J^KLrEttSih*. 
[0105] 

»11] 

[o i o 6] ca>*flMl/i qpskO) It B1 1 dasSii. 

(4. QPSK«S»2 0 2l=t5I+4Jtffi»ft3&«*ihS#L 



[0 10 7] cty*(*»l=l*. EJMtffl»9 0 2**&ffl 
*£*L£±Jtffi/<(i) Xttttlt*»»9 0 2-CJ|lJtL 

ic*ytt*SJi*. fit, :of-ff**tt, ±Eft 
9^xi4sai oait&iLt&m'kiz* QPSKitsaj2 

0 2C:#Lr. *tSIfcfE<D*it (OFF) 
[0 1 0 8] *^0^COm5O)lll6cO^®<7)-ha<7)^iaiC 

•ty. KBfltBEa>Jt3e«y***4-fr«cta«-c**. 
Hi 2(4. **wa)l^raftft■ea5*aJ6*la*sc*fflL^ 

^Afc36«*#-r*i/X-rA<D««BI*3KL-Cfey. <* 

<Dna>-e«raLfc**wa>*i <o«a^*5 

[0 1 0 9] Bl 2 aJCKB^aSfflt^fc 
*/X-r-Ai:3MJSKB*a*ffl^fc*>X-rAI4. -tjfc-P 

14. aKRB*SCf=e^r*B»Bt*Kft*l**IBI=. 

[Olio] «*: or *iiiJC*B*aA«ieas 
;uxf-v3» «ffl*urfi< cticty. XBttft 

SBffilc-r*/£Itr3«J6*B**l=»iiB"e#. frife 
[0 111] **«I*56««a>^f=Hi:*:ttWC»a5*fc 

*o o*y. a««-eKBa»*nsf=Lra*tK. a 
««i-eti«3E*jiA«*i=a5*»s<DKBaw=B3e*n 

HKaEB*a3&<sffls*i-B*>x-f-Ai=j3t\r. ajsxB 
*st t *ajc*B*a<oa±4*ff a^rtib t a*. 
[0112] ±y*isa'y>^©7x— i?>^TA:Ty*iRi 
y >^a>?x— s/vyttfffiB©*^**^**-*-* 

IC % — K/W^V*;U (115(a) (D1 508S 

#B) ur **t ft it4itf«/h(D KB 
Aft («5eliQPSK*B*a) rat(I£;ft<5cfc5l::*8 
flt*tt4C4:Icj:y. 

LttL^**WI=J:«Bi£KB*a*>X-rA*fif&JEH$ 
[01 13] 3R*lRH=HJ6KB*a*<SfflS*i**>X-r 

Arfeort. *^e^(Dii^^i4#tii^^u-A7^ — 

SB) (zfclt^T^r;^— Ki/Xf/^Ttf^SlOa^ 

t-y^-f ***Bi=*«-r*ci:*^rBfc<i:y. s*a 



(11) 



$#§§¥1 1 —2 7 5 1 6 4 



/SmJdkilz. ®mm (1+1=1 -trctl*) 

»«»-<? £*. 

<**BBa>»2 0)jaa>«i=. *mw<nm2 0mmiz-o 

[O 1 1 4] CZ*t?RBHLfc*«BBa>»1 OJS^lzg 

13. «XH}|ftMLI=firt«iK3iK*Aa)¥i$lSL<tt 

[01 1 5] *Z.T*+ *§£BJHDm2<DffimV\£. 2^ 

[0116] *(*«(:: 14* *S£lpi<&«2<Z>«3SI** ft* 

14. Square - Q AMf IJ^Sf Jft^iit 
l^s -tOKBHBftfc Lt, 2 (QPSK) s 4 (1 6Q 
AM) „ 6 (64 QAM) |=JSl\r* JlsS¥*9CNRI4 

ropsK=^/cr2 % ri6QAM = 55/a2 , 



7* 640AM = 2 1 <S/cr2 -pfe^. CuTJ. 2 51* 
/J>) flH»jAMElB. a2 l*mij&m<DK&X'i!>&o *fc. 

(=. ««£MElM3J:i;K*t**H-, O*0E«/N 

o £ H— izf & - 1 -e -> vtIOuSS y ft i: < r -5 iktt- 
[0117] l*>u c ©amiss l< fia^^isrojw 

[oiia]^ i r=&rt<&£1tfi*e r (i) it 

x (i) *S8E©m 1 OIIT-Ii. ftl iCt? 

(o ©amis o&^e— jt>h) «t, x 

n S*vClt«. 
[0 119] 
[»12] 



(12) 



[Ol 2 0] CZTJ->*TAT?^ft&S*;h.fcttffl£fl: 
[O 1 2 1 ] 

[ai 3] 

a 3 = £(x 2 ) - jB»(x) 



[O 1 2 2] 
[Si 4] 



[O 1 2 3] 
[»15] 

[Ol 2 4] *(*ttl=l4. *SBW0>*2(OK31fcj3^T 

(4. (cr N 2 ->i ) . ^o«-*jannE« 

A<2Tfa5*ft<D«Bft»0>^FiS«3ifei««* (Pml> 
»fMt. CJ2 Pqpsk=0.0 . a 2 P 16 QAM =16.0. 0"2 P 
640AM =336.0£^3M-:7-tr^ bt LT, S««-*«* 



A ml 14. 
[0 12 5] 
»16J 

Aa/x = |a^ L - a 2 1 

[oi 2 6] -e&«. c*v*y. ft«Bi»ai::#js-r4 

*SHISAopsk. A 16QAM - A640AM'4s -tfL-fJl* 
[0 1 2 7] 
[B1 7] 

[0 1 2 8] 
[»18] 

[0 1 2 9] 
»1 9] 

[0 13 0] *«BS0)»2a)l«31-ei4. 
SH»A HL <0 3*«/M»£*T**a>J&^ ^DlJigECDii 



(12) 



ftmW- 1 1 -2 7 5 1 6 4 



JStt. **»<3!)*1<DBl<Di|*i:R»i:, 01C^ 
[0 1 3 1] fc/£U *^0^CDB2C7)/lSr*li. 

fc«>lctt. *B»*#**lM5£^>#JUft***< 
*tf»j&«fc*fc*re*4. SSI 75£~gn 95* 

©Ti*»aa*»©^(=»r*««i«viiLf=tt. 

CO 1 3 2] 
[ft 2 O] 

VQPSK > VlOQAM > 

[0 1 3 3] <&H«;b<&£o cftl***W3b«. *fta>;£ 
«l=»-5t\Tfiy. N***< fcSISif* *Xfl&ft0> 

oiciS^. Ni?->^;ucD^*^tfefiIo-2 <n)3WMU= 

[Ol 3 4] ±E<D<fc3l=**WO*2<0«3T»(4. -9- 

MEVOftftaZ N (C*il***B»R 

(»!*«) 0»tfc(=B-r*««avuL«>. 2 0<Z>/^> 

[O 1 3 5] Jtfl*Ea/Nol:ttffLT6y, S#I4 

wniiB c«i=a*oea»**w-r**B»B) \z 

[Ol 3 6] .toT, ;M6«<0«2(DJSia-(?^ *«W 
[Ol 3 7] ->X^A|£tt[zfcl\Tli. *3S9!a>*l<0 

mmw&t&mz* mint? x—*»?mmo>&&fr 

[O 1 3 8] «jL(«B»ftO±E*ft'&T?l*. S*<3 
fiS»* 1 4 6 4 Q A MMSai:JSO N = 5 

o (->>7t-c;u) a>£*i^ fte«y*(*4xi o-ma. 

[O 1 3 9] Ji3^(D'>l/7t<;H&N = 5 0 14. 0lJx.(47x 
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